Proteolytic activity is compared in anther extracts from Petunia parodii fertile and cytoplasmic male sterile lines. It is characterized relative to developmental stage of the anthers, effect of variable incubation times, pH of isolation buffers, and degradation of marker proteins. In fertile anthers, proteolytic activity increases at the end of microsporogenesis and peaks early in microgametogenesis. Degradation is most severe in extracts of fertile anthers and in high molecular weight proteins and reaches its maximum within 20 minutes. Degradation of marker proteins is greatest at pH 5.6 to 8.0 in fertile anther extracts and is eliminated under strong acid conditions (pH 2.8 to 4.0) in both fertile and cytoplasmic male sterile anther extracts. Marker proteins degrade more severely in extracts of fertile anthers; however, the order of substrate sensitivitymyosin > phosphorylase b > bovine serum albumin and ovalbumin > ,-galactosidase-is the same in extracts from fertile and cytoplasmic male sterile anthers.
Mechanisms causing cytoplasmic male sterility in plants are poorly understood. In Petunia, failure to form functional microspores has been attributed to faulty timing of callase activity during anther development (7) . Such changes in enzymic activities or enzymes have been reported in several CMS' crops: lipoxygenase in barley (1) , acid phosphatase in maize (16) , isoenzymes in Brassica (10) , and others as reviewed by Nakashima (15) and Liu et al. (14) . Although proteolytic activity is known to be an integral part of such important physiological processes as germination, senescence (18) , and stress (6) , its possible involvement in the development of fertile anthers is reported here for the first time.
Analysis of Petunia anther proteins with SDS-polyacrylamide gel electophoresis shows clear differences between the patterns from fertile and CMS anthers (22) . Male sterile anthers may fail to develop or function properly because of enzymic changes during specific stages of microsporogenesis and/or microgametogenesis. Abnormally low levels ofproline and reduced amounts of low mol wt proteins suggest a possible relationship between protein degradation and the failure to form functional pollen in Petunia CMS lines (22) . This report continues our investigation ofCMS in Petunia by comparing the levels of proteolytic activity between fertile and CMS anther extracts. Proteolysis occurs in all these materials and is difficult to Figure 1 compares the protein patterns in these different stages of anther development and shows there are no clear banding differences between the anthers of the fertile and CMS Petunia lines. However, proteolytic activity increases greatly in the fertile anthers just after meiosis (class 3), peaks early in microgametogenesis (class 4), and then levels off as the anthers approach dehiscence. In contrast, proteolytic activity in the CMS anthers increases only slightly during meiosis and remains at that low level thereafter. From the earliest assayable stage, the fertile lines, 3699 and 5719, both show similar, higher levels of proteolytic activity than their respective, isonuclear CMS lines, 3688 and 5707.
Control materials for each developmental stage of the fertile and CMS anthers were presented previously (22) and showed qualitatively equivalent banding patterns. These were obtained using a different extraction method (23) Anthers at different developmental stages were homogenized in buffer B and analyzed for their proteolytic activity after incubation at room temperature for 20 min; 100 jsg of proteins were loaded into each channel. The numbers (1) (2) (3) (4) (5) (6) (7) (8) along the top of the gel indicate the respective developmental stages of the anthers. For contrast, protein patterns of the same material extracted with a procedure that prevents proteolytic activity and run without incubation are shown in a previous report (22) . Mol wt (kD) of marker proteins are shown on the left side of the gel. C = CMS, F = fertile. Figure 3 shows that tion of marker proteins is much more severe in extracts -anthers than in CMS anthers. Each marker protein i sensitivity to the proteolytic activity of the extract. and phosphorylase b are most sensitive to degradation, lactosidase seems to be the least sensitive. Such differsensitivity suggest that the observed protein degradation *om an increase in either the amount ofactivity ofcertain s rather than increase in overall proteolytic activities in ters. Although the level of proteolytic activity is always i the fertile anthers, both fertile and CMS anther extracts same order of substrate sensitivity: myosin > phospho-> BSA and ovalbumin > jB-galactosidase. M buffers of different pH (glycine-HCl, pH 2.8; Na-acetate, pH 4.0 and 5.6; Tris-HCl, pH 7.0 and 8.0; and glycine-NaOH, pH 9.5). Figure 4 shows that the optimum pH for degradation is between 5.6 and 8.0. In strong acid buffer, pH 2.8 to 4.0, little degradation of marker proteins is observed. Under strong basic conditions, pH 9.5, the high mol wt marker proteins degrade, but degradation is not as extensive as observed at neutral pH. The 200-kD myosin degrades severely in extracts from fertile anthers at the above pH 5.6. Myosin, phosphorylase b and BSA also degrade to some extent in the CMS anther extract under the same conditions. 
22-

DISCUSSION
The reallocation of nitrogen in the form of amides resulting from proteolysis is important in seed germination (19) , in the growth of the first leaf (20) , and in leaf senescence (21) . Inadequate nutrition due to premature tapetal degeneration or other mechanisms has been suggested to be a direct cause of abortive microsporogenesis (for review, see 13). Comparison of amino acid profiles shows that proline concentration is several-fold higher in fertile anthers ofPetunia (22) . Accumulation ofproline in fertile pollen during development or in any plant part under stress (6) may be associated with proteolytic activity. Increase in the level of proteolytic activity observed in fertile anthers and the normal accumulation of proline in the microspores and pollen (22) occur in essentially the same developmental time frame.
The relative innsensitivity oflow mol wt proteins to proteolysis by the anther extracts suggests the lack of some proteases such as cathepsins D, E, and L that are present in animal tissues (3) . The highly specific substrate preferences revealed by differential marker protein sensitivity and exhibited by the proteases in Petunia anther extracts (Fig. 3) indicate the presence of certain specific types of proteases. Optimal pH for the proteolysis of marker proteins is in the range of 5.6 to 8.0 (Fig. 4) . No degradation of high mol wt marker proteins is oberved under strong acid conditions which suggests that the acidic proteases reported to be active in leaves of many plants (16) are absent. This suggestion is strengthened by the fact that the native low mol wt peptides in anthers are insensitive to degradation (Fig.  1) . However, the possibility that lack of acidic protease activity might result from enzyme denaturation during extraction can not be excluded.
Very little is known about how proteases control protein synthesis and degradation in plant cells (9) . It has been suggested that proteases are required for the mobilization of storage proteins (2, 5) . Information on the role of proteases in the processes of microsporogenesis, microgametogenesis, and pollen development (8) is essentially nil. One ofthe reasons there are no reports on proteolytic activity during anther development is the difficulty in designing an experiment which both requires the collection of minimal plant tissue and can provide accurate measurement of protease activity on some selected protein. Synthetic substrates such as Azocoll as well as natural proteins such as hemoglobin (17) have been used to assess protease activity. However, other problems associated with the selection of any single substrate include: (a) a substrate which is a good choice for assaying one protease may be a poor choice for another protease; (b) choosing a suitable substrate is difficult because the list of proteases found in plant tissues is incomplete; (c) a radioactively labeled substrate would be useful if labeling could be accomplished without greatly altering the substrate's normal structure ( 11); and (d) iodination of protein substrates may produce artifacts (12) that make them unsuitable for determining substrate specificity. Therefore, adding known amounts of marker proteins to Petunia anther extracts provides a means of assessing differences in the inherent proteolytic activity between fertile and CMS lines.
Anthers are difficult to work with not only because of their small size but also because they contain two generations of cells. The sporophyte generation (wall, vascular, sporogenous, and tapetal cells) is different both structurally and functionally from the gametophyte generation, microspores, or pollen. A recent article by Bino (4) describes the histological changes that occur in the tapetal and sporogenous tissues of fertile and CMS Petunia hybrida during anther development. Sporogenous tissue of CMS anthers aborts in Meiosis I. Concurrently, the tapetum, which normally functions to produce callase, provide nutrients and contribute materials for pollen wall formation from meiosis through the first pollen mitosis (late microgametogenesis), arrests. Both of these tissues ultimately degenerate and the space created within the CMS anther is filled via mitosis with parenchymatous cells.
The cytological events reported in Petunia hybrida (4) correlate with the timing of physiological changes seen in P. parodii. In the fertile anther during meiosis and early microgametogenesis, the amounts of the 64, 63, and 45 kD proteins peak, and the free amino acid, proline, increases 2-to 3-fold (22) . The peak in proteolytic activity which occurs about this same time correlates with the cytological transition period between microspore and developing microgametophyte. Although this study was concerned only with proteolytic activity, we believe that the cytological transition period also displays accelerated carbohydrate and lipid metabolism, possible areas for future investigation.
In contrast to the fertile system, the anther of CMS Petunia shows a decrease in the amount or activity of proteases during meiosis I. Although the timing or extent of tapetal degeneration in the P. parodii locule has not been checked histologically, the CMS anther does not show degradation of the 180-kD protein nor does it show accumulation of proline, a possible osmotic protectant and nitrogen sink of the fertile grain. On the other hand, in some plant systems and particularly in dormant tissues, low proteolytic activity might be attributed to an increase in protease inhibitor level (18) . At present, neither possibility is supported by conclusive evidence. Processes occurring during meiosis might be involved either in stimulating the synthesis of proteases or in deactivating protease inhibitors that are critical for normal microgametogenesis. The rapid turnover of anther proteins including at least some of the proteolytic enzymes and the complexity of their involvement in nitrogen metabolism remains a major area for investigation in CMS plants.
